The main FHI-aims parameters with respect to functionals used in the study: Vibrational frequencies have been calculated with FHI-aims using the LDA functional and light basis set. We have used the script-based finite difference approach from the FHI-aims package with the step size of δ=0.0025 Å.
Geometry Optimization
We report the summary of geometry optimisation calculations in Table 4 with respect to the graphite energy calculated at the same level of theory as it is given in Table 3 . The lowest energy structure of 24 atoms (L 24 ) at the DFT level of theory is given in Figure 1 . Figure 1 : The lowest energy structure of 24 atoms -L 24 -a one-layer convex structure containing 7 six-membered rings (terminated by two-coordinated atoms).
Density of States
The averaged vibrational density of states (DOS) have been calculated using the standard DOS expression with a Gaussian smearing function: 4 : Summary of energy differences with respect to the graphene sheet of optimised clusters' using different functionals and settings (as given in Tables 1 and 2 ). The subscript in name for layer, single bubble and fullerene configurations indicates the total number of atoms N , where for the double bubble configurations, this number indicates the number of atoms of the outer and the superscript -for the inner bubble atom counts respectively; "*" marks structures in spin-polarized triplet state. S is the cluster's symmetry point group, ∆E/N is the energy difference with respect to the graphite energy calculated at the same level of theory and using the same settings (Table 3) 
where σ = 10.0 (Gaussian smearing parameter), ω i is the vibrational frequency interval, Ω k -the set of vibrational frequencies corresponding to a particular cluster k, and K -is the number of clusters of the same type, i.e. fullerenes or octahedra.
Fitting functions of the Gibbs free energy
The inverse power function (Equation 2) and its coefficients used for fitting free Gibbs energies for the O and F types of clusters at 10, 300, 1000, 2500 and 5000 K temperatures. The constant c should correspond to the limit of the graphene sheet, cf. analyses in reference 17.
Integrated vibrational frequencies
We have individually integrated the vibrational frequencies for the O and F types of clusters in three ranges: 0-850 cm −1 , 850-1075 cm −1 , and 1075-1700 cm −1 . 
